
ORIGINAL RESEARCH

Shift of Glucose Peak Time During Oral Glucose
Tolerance Test is Associated with Changes in Insulin
Secretion and Insulin Sensitivity After Therapy
with Antidiabetic Drugs in Patients with Type2
Diabetes

Yanqiu Jiang . Shiwei Cui . Rongping Zhang . Xiaoqin Zhao . Lili Yao . Rong OuYang . Wei Chen . Ranran Zhou .

Xuying Zhao . Zhuqi Tang . Jin Yuan . Jie Yuan . Chen Qian . Ping Huang . Yunjuan Gu . Xinlei Wang

Received: May 28, 2021 /Accepted: June 23, 2021 / Published online: August 3, 2021
� The Author(s) 2021

ABSTRACT

Introduction: Delay in peak blood glucose
during an oral glucose tolerance test (OGTT)
predicts declining b-cell function and poor
ability to regulate glucose metabolism. Glucose
peak time has not been used as a comparative
indicator of the improvement in islet function
after treatment with exenatide, insulin, or oral
antidiabetic drugs (OADs). We evaluated the
efficacy of three types of antidiabetic drugs on
the basis of blood glucose peak time in patients
with non-newly diagnosed type 2 diabetes.
Methods: The data from 100 patients with dia-
betes who completed two OGTTs within
6 months were collected. Thirty-seven of them
with type 2 diabetes were treated with Humalog

Mix25, 28 patients with OADs (metformin,
acarbose, and gliclazide), and 35 patients with
exenatide.
Results: Glycated hemoglobin improved in all
three groups after treatment (P\0.05). Subcu-
taneous adipose tissue (P\0.01) and visceral
adipose tissue (P\0.0001) significantly
decreased in the exenatide group. The
insulinogenic index (IGI) (P = 0.01) and IGI 9
oral glucose insulin sensitivity (OGIS) (P = 0.01)
improved in the exenatide group only.
Homeostatic assessment of b-cell function
(HOMA-b) and OGIS were greater in the exe-
natide and OAD groups than in the Humalog
Mix25 group (all P\0.05). A shift to an earlier
peak was observed in 57.1%, 35.7%, and 27.0%
of patients in the exenatide, OAD, and Huma-
log Mix25 groups, respectively (P = 0.029).
OGIS (odds ratio [OR] 0.54, 95% confidence
interval [CI] 0.33–0.89, P = 0.026) and IGI 9
OGIS (OR 1.72, 95% CI 0.44–6.68, P = 0.012)
were independently related to shifts in glucose
peak time.
Conclusion: Exenatide, Humalog Mix25, and
OADs improved glycemic metabolism. How-
ever, exenatide exhibited superior efficacy in
shifting blood glucose peak time to an earlier
point, while it improved insulin secretion and
insulin sensitivity. Hence, the shift of glucose
peak time may be considered an indicator for
the evaluation of the effect of hypoglycemic
drugs.
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Key Summary Points

Blood glucose peak time was used to
evaluate the efficacy of three types of
antidiabetic drugs in patients with non-
newly diagnosed type 2 diabetes.

The insulinogenic index (IGI) and
IGI 9 oral glucose insulin
sensitivity (OGIS) improved in the
exenatide group.

A shift to an earlier peak was observed in
57.1%, 35.7%, and 27.0% of patients in
the exenatide, oral antidiabetic drugs
(OAD), and Humalog Mix25 groups,
respectively.

Exenatide exhibited superior efficacy in
shifting blood glucose peak time to an
earlier point, while it improved insulin
secretion and insulin sensitivity.

INTRODUCTION

Insufficient insulin secretion and insensitivity
to insulin are the main characteristics of type 2
diabetes mellitus (T2DM). The current gold
standard method for evaluating insulin secre-
tion and sensitivity is the hyperinsulinemic
euglycemic glucose clamp test, which maintains
the plasma exogenous insulin at a high level
and glucose at a basal steady-state level [1].
However, this method is invasive, complex, and
expensive; therefore, its application in clinical
practice is limited. To facilitate the evaluation
of insulin secretion and sensitivity, researchers
have proposed more practical alternative indi-
cators. Surrogate indices are extensively used to
evaluate insulin sensitivity and pancreatic b-cell
function. For example, oral glucose tolerance
test (OGTT)-derived indicators have become risk
indicators of early changes in b-cell function in
different populations [2]. These indices include
oral deposition, Raynaud, Cederholm, fasting

Belfiore, ISI, QUICKI, Matsuda indexes, etc. [3].
However, OGTT-derived indices require com-
plex calculations; therefore, their applications in
clinical practice are limited. In addition, OGTT-
derived indices deviate from actual clinical
results; for example, homeostatic assessment of
insulin resistance (HOMA-IR) was presumed to
have equivalent insulin sensitivity in the liver,
muscle, and adipose tissues, but these parameters
actually differ in distinct tissues [4]. Moreover,
the accuracy of HOMA-IR and HOMA-b may be
limited in fasting hyperglycemia [5]. Research on
the relationship between OGTT-derived indices
and the clamp test has demonstrated that the
specificity and sensitivity of insulin secretion
and resistance assessed using OGTT-derived
indices are poorer than those of the hyperinsu-
linemic euglycemic glucose clamp test [6].

To the best of our knowledge, different blood
glucose curve phenotypes in OGTT represent
different states of islet function [7]. Recently, the
complex curve shape has been considered to
indicate better islet function in adults [8]. How-
ever, there is heterogeneity in the shape of the
glucose curve, indicating poor reproducibility
[9]. Therefore, researchers have been trying to
devise convenient, novel, and reproducible
parameters of insulin and glucose response to
OGTT to evaluate a patient’s islet function.

Time to glucose peak is a fresh evaluation
index on the OGTT. The peak blood glucose
time during OGTT is an important tool that can
strengthen the risk stratification of prediabetes
and can be used to assess the risk of T2DM
[10, 11]. Furthermore, compared with the blood
glucose curve shape, the glucose peak time dis-
played reliable reproducibility on replicate
testing (k = 0.76) [9]. Another advantage is that
the delay time of peak blood glucose is related
to pancreatic b-cell dysfunction [12]. Moreover,
subsequent studies have demonstrated that the
insulin sensitivity and secretion of patients with
T2DM can be reflected by the peak blood glu-
cose time [10]. Tran et al. used glucose peak
time as an indicator to compare the efficacy of
liraglutide treatment in patients with early-
phase T2DM, confirming that this indicator was
associated with insulin sensitivity and secretion
[12]. However, for patients with long-term
T2DM, the effect of different antidiabetic drugs
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on the peak blood glucose time remains
unknown. D’Alessio et al. reported that a 24-week
exenatide treatment can improve the islet func-
tion of patients with early T2DM. On the basis of
this finding, we set the treatment cycle to
6 months [13].Previous studieshave reported that
insulin, metformin, acarbose, and sulfonylureas
can also protect pancreatic b-cells [14, 15].
Meanwhile, adelayof thepeakbloodglucose time
indicates a decline of the patient’s islet function.
Thus far, the glucose peak time has not been used
as a comparative indicator to evaluate the
improvement in islet function after treatment
with exenatide, insulin, or oral antidiabetic drugs
(OAD; metformin, acarbose, and gliclazide).

This study aimed to evaluate the variabilities
in insulin secretion and sensitivity, metabolic
characteristics, and ectopic fat accumulation in
patients with diabetes after therapy with exe-
natide, insulin, or OADs. Simultaneously, we
validated whether the peak time of glucose can
be used to evaluate the efficacy of antidiabetic
treatments in individuals with non-newly
diagnosed T2DM.

METHODS

Study Design and Participants

We retrospectively analyzed the data from
patients who underwent the 3-h OGTT in the
Endocrinology Department of Nantong
University Hospital, Nantong, China, between
February 2015 and June 2018. The inclusion
criteria were as follows: (i) diagnosed with
T2DM according to American Diabetes Associ-
ation standards; (ii) age over 18 years old; (iii)
prescribed exenatide, or Humalog Mix25, or
OADs (metformin, acarbose, and sulfonylureas);
(iv) underwent two complete OGTTs, one at the
beginning and the other 6 months after ther-
apy; (v) used a stable dose of OAD for at least
3 months (did not use glucagon-like peptide 1
receptor agonists (GLP-1RAs) or insulin) before
the first OGTT. Patients who met any of the
following conditions were excluded: (i) im-
paired liver or kidney function, malignant
tumors, and active infection; (ii) pregnancy or
breastfeeding; (iii) acute diabetic complications.

Exenatide was subcutaneously injected
within 60 min before breakfast and dinner (or
before two main meals a day with a dosing
interval of 6 h or longer). Humalog Mix25 (75%
neutral protamine lispro, 25% lispro) was
injected subcutaneously twice a day. OADs
included metformin, acarbose, and gliclazide.

This retrospective study, which collected
patient clinical data, did not interfere with the
treatment plan of the patients. The researchers
will protect the security of personal information
provided by the patient. All participants signed
an informed consent form in the study. The
protocol was approved by the Ethics Committee
of the Affiliated Hospital of Nantong University
(approval number 2015-K002-D01). The study
was registered with Chinese Clinical Trial Reg-
istry (ChiCTR-IPR-14005568). The study was
carried out in line with the Helsinki Declaration
of 1964 and its later amendments.

Lifestyle Intervention

All patients received diabetes education
including guidance of diet and exercise at our
endocrinology clinic by specialist doctors and
nurses before receiving the first OGTT.

Anthropometric Measurements

Patients’ body weight and height were mea-
sured by nurses. Weight was measured in kilo-
grams, with patients wearing the lightest
clothing. Height was recorded in centimeters,
with the patients standing barefoot. Data were
recorded using a height- and body weight-
measuring instrument (Tanita TBF-300, Japan).
Electronic sphygmomanometers (Omron HEM-
6000, Osaka, Japan) were used to measure sys-
tolic blood pressure (SBP) and diastolic blood
pressure (DBP). Waist circumference was deter-
mined using a soft ruler to measure the hori-
zontal circumference of the thinnest part of the
waist at the end of exhalation and before the
start of inhalation. Body mass index (BMI) was
calculated according to the following formula:
BMI = body weight (kg)/[height (m)]2. Visceral
adipose tissue (VAT) and subcutaneous adipose
tissue (SAT) were obtained by MRI (1.5-T MRI
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system, Milwaukee, USA) scanning from the
12th thoracic vertebra to the 1st sacral vertebra
through breathing gating technology.

OGTT, Insulin, and C-Peptide Release Tests

The patients underwent two 3-h OGTTs and
ingested 75 g of glucose each time. Before the
two OGTT implementations, all patients stop-
ped taking hypoglycemic drugs for 3 days.
Glucose, insulin, and C-peptide levels were
determined using venous blood specimens
acquired at 0, 30, 60, 90, 120, 150, and 180 min.
Plasma glucose was examined using a standard
laboratory procedure (Siemens ADVIA� 2400).
Insulin levels and C-peptide concentrations
were determined using chemiluminescent
methods (Cobas e411; Roche, Switzerland).

Biochemical Measurements

Triglycerides (TG), glycated hemoglobin
(HbA1c), and total cholesterol (TC) levels were
determined using fasting blood samples (at least
8 h of fasting). High-performance liquid chro-
matography (VARIANTTM II, Hercules, USA) was
used to determine HbA1c. Blood lipid parame-
ters were measured using enzymatic methods
(ADVIA �2400; Siemens, Germany).

Calculation of Variables

Islet secretion function was defined using two
methods: (1) HOMA-b [16] = (20 9 fasting
insulin (FINS) [mIU/L])/(fasting glucose(FG)
[mmol/L] - 3.5) or (2) insulinogenic index (IGI)
[17] = DI0–30 min/DG0–30 min. Insulin sensi-
tivity was evaluated using two methods: (1) oral
glucose insulin sensitivity (OGIS) [5] (http://
webmet.pd.cnr.it/ogis/ index.php) or (2)
HOMA-IR [5] = FG (mmol/L) 9 FINS (mIU/L)/
22.5. Disposition indices = IGI 9 OGIS or
HOMA-IS [6] 9 HOMA-b, whereby HOMA-IS =
1/HOMA-IR. The area under the curve (AUC) of
serum glucose (AUCG0–180min), insulin
(AUCINS0–180min), and C-peptide (AUCC-peptide0–

180min) through OGTT was calculated using
trapezoidal rules.

Definition of Shifts in Blood Glucose Peak
Time

The peak blood glucose time was defined as the
highest point of blood glucose among the seven
points during OGTT. The change in peak blood
glucose time was based on the relationship
between the baseline data and the 6-month
period data during OGTTs. On the basis of these
changes, we divided patients into three cate-
gories: shifted to an earlier, unchanged, or a
later time point.

Statistical Analyses

Normally distributed data were expressed as
mean ± standard deviation. Non-normally dis-
tributed variables were logarithmically trans-
formed before analysis or presented as median
(25th–75th percentiles). The relationships
between hypoglycemic drugs and variables such
as age, diabetes duration, BMI, waist circum-
ference, SBP, DBP, fasting blood glucose (FBG),
VAT, SAT, TC, TG, HbA1c, HOMA-b, and
HOMA-IR, among others, were analyzed by one-
way analysis of variance or Mann–Whitney
U test. The chi-square test was used to compare
groups with regard to shifts in peak glucose time
according to the number of people. Risk factor
analysis was performed using multinominal
logistic regression analysis. SPSS, version 25.0
(IBM Corp., Armonk, NY, USA), was used for all
statistical analyses. Statistical significance was
placed at P\ 0.05.

RESULTS

Clinical Characteristics

The data from 100 patients were analyzed.
Thirty-seven patients were treated with Huma-
log Mix25, 28 patients with oral hypoglycemic
drugs, and 35 patients with exenatide. The
clinical characteristics of the participants are
detailed in Table 1. No significant differences
were observed in the diabetes duration, age,
height, body weight, BMI, DBP, waist circum-
ference, FBG, 2hPBG, HbA1c, TC, and TG
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among groups at baseline. The Humalog Mix25
group had higher SBP than the other groups
(P = 0.03). After 6 months of treatment, gly-
cated hemoglobin was improved in all three
groups (P\0.05). Body weight, BMI, and
waistline decreased in the exenatide and OAD
groups (all P\0.05). FBG and 2hPBG levels
were decreased in the exenatide (8.32 ±

2.09 mmol/L vs. 6.91 ± 1.68 mmol/L, P = 0.68;
12.57 ± 3.72 mmol/L vs. 10.81 ± 3.38 mmol/L,
P = 0.13), Humalog Mix25 (9.07 ± 2.22 mmol/
L vs. 7.11 ± 1.50 mmol/L, P = 0.026; 14.96 ±

3.82 mmol/L vs. 12.64 ± 3.09 mmol/L, P =
0.64), and OAD (8.06 ± 1.83 mmol/L vs. 7.05
± 2.13 mmol/L, P = 0.48; 13.53 ± 3.41 mmol/L
vs. 11.59 ± 4.44 mmol/L, P = 0.23) groups.
Only differences in FBG in the Humalog Mix25
group pre- and post-treatments were significant.
SAT and VAT were decreased in the exenatide
group (122.21 ± 8.99 cm2 vs. 104.11 ± 8.84
cm2, P\ 0.01; 77.96 ± 7.03 cm2 vs. 60.28 ±

6.19 cm2, P\ 0.0001). Adipose deposition
increased after Humalog Mix25 treatment and

decreased after OAD therapy, albeit without
any statistically significant difference. TC
(5.30 ± 0.22 mmol/L vs. 4.90 ± 0.29 mmol/L,
P\ 0.00001) and TG (2.24 ± 0.65 mmol/L vs.
1.19 ± 0.24 mmol/L, P = 0.03) levels signifi-
cantly decreased in the exenatide group
(Table 2).

Glucose Tolerance, Insulin, and C-Peptide
Variation

Glucose peaks of all groups occurred at 120 min
after baseline (Fig. 1a). After 6 months of treat-
ment, the glucose peaks of the exenatide and
OAD groups occurred at 90 min, while that of
the Humalog Mix25 group remained at 120 min
(Fig. 1a). AUCG0–180min decreased, whereas
AUCINS0–180min and AUCC-peptide0–180min

increased in all groups after the 6-month ther-
apy. In particular, AUCINS0–180min (P = 0.02) and
AUCC-peptide0–180min (P = 0.003) in the exenatide
group were statistically significant after
6 months of treatment (Table 2).

Table 1 Baseline characteristics of group exenatide, Humalog Mix25, and oral antidiabetic drugs

Pre-exenatide (n = 35) Pre-Humalog Mix25 (n = 37) Pre-OADs (n = 28) P value

Age (years) 55.78 ± 7.08 57.62 ± 11.33 55.57 ± 9.69 0.67

Disease duration (years) 8.00 (1.00, 12.00) 9.00 (4.00, 12.00) 8.00 (3.00, 10.00) 0.58

Height (cm) 166.94 ± 9.41 165.00 ± 6.66 166.02 ± 7.27 0.63

Weight (kg) 66.85 ± 8.96 64.47 ± 6.63 65.53 ± 6.72 0.47

BMI (kg/m2) 24.00 ± 0.30 23.30 ± 0.24 23.56 ± 0.31 0.69

Waistline (cm) 89.18 ± 1.69 87.66 ± 0.87 88.88 ± 1.28 0.79

SBP (mmHg) 123.18 ± 4.35 134.41 ± 3.40 131.08 ± 4.53 0.03

DBP (mmHg) 77.00 (70.00, 84.00) 73.00 (70.00, 85.00) 78.00 (75.00, 80.00) 0.89

FBG (mmol/L) 8.32 ± 2.09 9.07 ± 2.22 8.06 ± 1.83 0.74

2hPBG (mmol/L) 12.57 ± 3.72 14.96 ± 3.82 13.53 ± 3.41 0.12

HbA1c (%) 8.80 (8.03, 9.30) 8.20 (7.40, 8.95) 7.30 (7.15, 9.25) 0.26

TC (mmol/L) 5.30 ± 0.22 4.99 ± 0.15 4.74 ± 0.22 0.15

TG (mmol/L) 0.36 ± 0.30 0.23 ± 0.15 0.24 ± 0.18 0.82

TG was logarithmically transformed. Data are expressed as the mean ± standard deviation or median (interquartile range)
BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, FBG fasting blood glucose, 2hPBG 2-h
postprandial blood glucose, HbA1c glycated hemoglobin, TC total cholesterol, TG triglycerides
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Insulin Sensitivity, Insulin Resistance,
Insulin Secretion, and Disposition Indices

HOMA-IR indices were not significantly altered
after 6 months of treatment in all groups. IGI
significantly improved in the exenatide group
(P = 0.01) but not in the Humalog Mix25
(P = 0.08) and OAD (P = 0.97) groups. OGIS
increased after OADs therapy (P = 0.04)

compared to that after exenatide (P = 0.30) and
Humalog Mix25 treatments (P = 0.78). After
treatment, compared with the other groups,
HOMA-b and OGIS were lower in the Humalog
Mix25 group (all P\0.05) (Table 2). IGI 9
OGIS was higher after exenatide therapy
(P = 0.01), but there were no significant differ-
ences in the other two groups. No significant

Fig. 1 Blood glucose (a), insulin (b), and c-peptide
(c) response profiles on oral glucose tolerance tests before
(on the left) and after (on the right) medication.

(Exenatide group, black squares; Humalog Mix25 group,
white squares; OAD group, black triangles)
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differences in HOMA-IS 9 HOMA-b were
observed in all three groups (Table 2).

Glucose Peak Time Shifts

Before treatment, most patients reached peak
glucose levels at 120 min (50% of the Humalog
Mix25 group, 34.8% of the OADs group, and
29.6% of the exenatide group) (Fig. 2a). After
treatment, peak glucose levels shifted to 60 or
90 min in more than half of the patients in the
exenatide group. No significant change was
noted in the OAD and Humalog Mix25 groups
(Fig. 2b).

A comparison of the three groups revealed
that 57.1%, 27.0%, and 35.7% of the patients in
the exenatide, Humalog Mix25, and OAD
groups shifted to an earlier peak, respectively,
and this difference was statistically significant
(P = 0.029) (Fig. 3).

Multinominal Logistic Regression

For multinominal logistic regression, the
occurrence and direction of shifts in glucose
peak time were considered as unordered cate-
gorical dependent variables. Independent vari-
ables included age, diabetes duration, BMI, SBP,
DBP, waistline circumference, HbA1c, IGI,
HOMA-IR, HOMA-b, OGIS, and IGI 9 OGIS.
OGIS (odds ratio [OR] 0.54, 95% confidence
interval [CI] 0.33–0.89, P = 0.026) and IGI 9
OGIS (OR 1.72, 95% CI 0.44–6.68, P = 0.012)
were independently related to shifts in glucose
peak time.

DISCUSSION

This study directly compared the effects of three
different hypoglycemic drugs on b-cell func-
tion. The deficiency of b-cell function under-
pins elevated blood glucose levels in patients
with T2DM. Moreover, progressive b-cell failure
underscores the difficulty in blood glucose
control in later stages of T2DM [18]. Therefore,
it is important for patients with T2DM to pre-
vent and repair damaged islet function.

Fig. 2 Proportion of participants in each treatment with
peak glucose at 60 min (white bars), 90 min (stippled
bars), 120 min (hatched bars), 150 min (gray bars), and
180 min (black bars) before (a) and after (b) medication. P
values for the comparison among three groups at each visit
are as follows: before, P = 0.092; after, P = 0.005. E
exenatide, H Humalog Mix25, O OADs

Fig. 3 Proportion of participants in the exenitide
(n = 35), Humalog Mix25 (n = 37), and OAD
(n = 28) groups that had the following shifts in timing
of peak glucose before and after medication: shift to an
earlier peak (black bars), no shift (light gray bars), or shift
to a later peak (dark gray bars). E exenatide, H Humalog
Mix25, O OADs
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Exenatide, insulin, metformin, acarbose, and
sulfonylureas exert b-cell-protective effects
[13–15], which is consistent with our results.
Nonetheless, because of the lack of comparison,
it remains unknown whether these effects vary
between treatments.

To investigate pancreatic secretory function,
we evaluated HOMA-b and IGI. Meanwhile,
insulin sensitivity was clarified by HOMA-IR
and OGIS. The exenatide and OAD groups
exhibited superior HOMA-b and OGIS when
compared with the Humalog Mix25 group,
suggesting that exenatide and OAD treatment
have greater benefits for improving both b-cell
function and insulin sensitivity. HOMA-b is an
index of fasting blood glucose to insulin con-
centrations and is strongly related to hepatic
insulin secretion. OGIS is an index of insulin
sensitivity related to peripheral insulin resis-
tance. Metformin effectively reduces blood
glucose by inhibiting liver glycogen output and
promoting glucose utilization by peripheral
tissues. It improves insulin dysfunction by pos-
itively regulating the GLP-1 receptor expression
in islet b-cells [19]. Sulfonylureas primarily act
on isolated b-cells, causing increased insulin
secretion to improve pancreatic b-cell function
[20]; however, any effects on the peripheral
insulin sensitivity are either slight or secondary
to the improvement of the secretory capacity of
the pancreatic islets [21]. Alpha-glucosidase
inhibitors do not directly affect insulin secre-
tion or sensitivity. They act on carbohydrate
metabolism to increase L-cell activity, thereby
promoting incretin secretion and indirectly
improving insulin secretion or sensitivity in
patients with T2DM by reducing glucose toxic-
ity [22]. Patients treated with exenatide exhib-
ited the greatest improvement in b-cell function
because of the binding of the drug to b-cell GLP-
1 receptors, which enhances glucose-induced
insulin synthesis and secretion [23]. GLP-1
protects b-cells from apoptosis by increasing the
activity of the autocrine loop of the IGF-II/IGF-I
receptor [24]. In summary, exenatide not only
increases b-cell mass but also reduces apoptosis.
Meanwhile, in the LIBRA trial, the improve-
ment in b-cell secretion capacity may be due to
weight loss and/or lower blood glucose levels

rather than the direct effect of GLP-1 receptor
agonist [25].

The glucose peak time in OGTT is of interest
to researchers owing to its abilities to improve b-
cell function and glucose metabolism over a
period of time [11]. To the best of our knowl-
edge, this study is the first to present a direct
comparison of the effects of different antidia-
betic drugs on glucose disposal during an
OGTT. We observed that peak glucose time
shifted forward in patients receiving exenatide,
which was associated with increased b-cell
function. In other words, the blood glucose
peak of the exenatide group shifted forward;
even if it was the effect of the drug itself, it also
suggested that the drug improved the function
of pancreatic b-cells. Our study participants
were diagnosed with diabetes between 7 and
9 years ago, which meant that exenatide may
improve pancreatic b-cell exacerbation in
patients with long-term diabetes. In this study,
the AUC of C-peptide and insulin decreased but
that of HbA1c and 2hPBG increased with
delayed glucose peak time; this indicated that
the function of pancreatic islet b-cells decreased
while the glycemic variability gradually
increased, consistent with previous findings
[10]. Inflammation, oxidative stress, and
endothelial dysfunction caused by glycemic
variability can lead to the occurrence of long-
term diabetes complications [26, 27]. In the
future, we will further study the correlation
between changes in glucose peak time and
complications of long-term diabetes.

Through the construction of a regression
model, we observed that OGIS and IGI 9 OGIS
were independently related to the shifts in
glucose peak time. OGIS was correlated with
glucose clamp and was more accurate than
other insulin sensitivity indices such as HOMA-
IR [28]. Additionally, it was associated with
peripheral insulin sensitivity, such as sensitivity
in muscle or adipose tissues [29]. IGI is used to
assess the function of first-phase insulin secre-
tion [30]. Some findings indicated that IGI may
be one of the key factors in the progression from
normal glucose tolerance to T2DM, leading to
postprandial hyperglycemia and preventing
diabetes complications [31, 32]. Because of the
increase in insulin resistance in diabetes, insulin
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secretion may be enhanced as a compensatory
effect; however, this does not indicate normal
islet function. Accordingly, some studies have
introduced the disposition/b-cell function
index adjusted using an insulin resistance index
[33]. The disposition index emphasized that b-
cell function was of great significance for T2DM
progression [34]. Therefore, peripheral insulin
sensitivity and early-phase insulin secretion
contributed to changes in glucose peak time in
patients with T2DM.

This study demonstrated that all three
antidiabetic treatment options reduced HbA1c
in patients with T2DM. The UK Prospective
Diabetes Study revealed that for every 1%
reduction in HbA1c, the risks of death,
myocardial infarction, or microvascular com-
plications due to diabetes are reduced by 21%,
14%, or 37%, respectively [35]. Furthermore, all
three antidiabetic drugs resulted in decreased
FBG and 2-h PBG. In particular, FBG and 2-h
PBG levels of patients in the exenatide group
reached the target levels of\7.0 mmol/L
and\ 11.1 mmol/L, respectively. The Diabetes
Control and Complications Trial group specu-
lated that factors other than HbA1c, such as the
degree of postprandial glycemic fluctuation,
should be considered when evaluating glycemic
control and the possibility of chronic diabetic
complications [36]. Exenatide decreases PBG by
markedly suppressing duodenal motility and
flow, slowing small intestinal transit, and
decreasing 3-OMG absorption [37]. In the case
of diabetes, many large-scale prospective epi-
demiological studies have demonstrated that
postprandial hyperglycemia increases the risk of
cardiovascular disease [38]. Thus, improving
postprandial hyperglycemia is particularly
important for the better health status of
patients with diabetes.

Body weight, BMI, and waistline circumfer-
ence of exenatide and OAD groups were signif-
icantly decreased after treatment, with greatest
effects noted in the exenatide group. GLP-1RA
treatment-related weight loss was associated
with delayed gastric emptying and central
appetite suppression [38]. Sulfonylureas
increase body weight because they promote
insulin secretion, while insulin inhibits lipolysis
and promotes energy storage [14]. However, in

this study, the body weight of patients in the
OAD group was decreased. This may be related
to the subjects’ diet and exercise regimens.
Meanwhile, metformin exerted a weight loss
effect [39]. Furthermore, obesity can cause
insulin sensitivity disorders through mecha-
nisms such as inflammatory factors, immune
cytokines, and so on [40]. In this study, the
exenatide and OAD groups have improved
insulin sensitivity after weight control. Never-
theless, only exenatide improved ectopic fat
accumulation. In vivo and in vitro experiments
and a series of mechanism studies have proved
that exenatide reduces the acetylation level of
heat shock factor 1 through deacetylase SIRT1;
this upregulates heat shock protein expression
and improves liver endoplasmic reticulum stress
and lipid deposition caused by lipotoxicity [41].
Notably, VAT and SAT can serve as markers of
T2DM and cardiometabolic risk [42, 43]. In
summary, exenatide therapy is beneficial for
controlling weight and reducing the risk of
cardiovascular events by improving ectopic fat
deposition.

This study has limitations owing to its
insufficient sample size and investigation time.
In particular, improvements of b-cell function
required long-term evaluation of treatment
methods to determine whether the beneficial
effects continued and delayed disease progres-
sion. In the follow-up study, we plan to further
expand the sample size and analyze the glucose
peak time for a longer period as an evaluation of
the effect of hypoglycemic drugs on the b-cell
function of patients with diabetes. Second,
shifts in glucose peak time may be affected by
gastric emptying or carbohydrate load before
the OGTT test. In the future, further studies are
required to elucidate the effects of serum glu-
cagon and glucose-dependent insulinotropic
polypeptide on glucose peak time. Third, there
are many kinds of oral hypoglycemic drugs, and
follow-up studies should further compare the
effects of different oral drugs on the time of
peak blood glucose. Fourth, it is better to use a
meal tolerance test (MTT) instead of OGTT
because of the burden of risk of unnecessary
hyperglycemia in patients with T2DM. We will
further optimize the plan in follow-up research.
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CONCLUSIONS

Exenatide, Humalog Mix25, and OADs may
improve glycemic metabolism. Exenatide
improves insulin secretion, insulin sensitivity,
and fat deposition. Furthermore, glucose peak
time is effective in assessing islet b-cell function
in patients with T2DM. This study highlights a
novel indicator that is simple and effective for
evaluating the efficacy of hypoglycemic drugs
in patients with T2DM.
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